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Summary 
In recent years, body-centric wireless communications (BCWCs) have been paid much attention due 
to their applications. For example, health care systems, personal entertainment, smart home and 
identification systems. Among all the applications, many researchers considered health monitoring 
systems as the biggest potential application with all kinds of wearable wireless devices. There are 
some wearable or implantable devices are mounted on or implanted into the human body linked with 
a wearable base station, and this wearable base station sends the data to the external equipment. 
  Body-centric wireless communications can be divided into three domains: (a) communications 
from the body surface to a nearby base station; (b) both antennas are on the body surface; and (c) at 
least one antenna may be in a medical implant within the body. These three domains have been 
called off-body, on-body and in-body, respectively. Figure 1 illustrates the concept of the 
body-centric wireless communications. In this dissertation, our study focuses on wearable antenna 
design for on-body and off-body wireless communications. 
 
 
 
 
 
 
 
Figure 1: Concept of the body-centric wireless communications. 
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  Antenna design for body-centric wireless communications is the main task in this dissertation. 
We proposed four compact and multi-functional wearable antennas for on-body and off-body com-
munications. The features of the four antennas will be explained in later sections. Planar inverted-F 
antenna (PIFA) is widely used in wireless communication devices. There are also some advantages 
of PIFA as follows: (a) PIFA can be hidden into the housing of mobile when it is comparable to 
whip/rod/helix antennas, (b) PIFA is having reduced backward radiation toward the user’s head, mi-
nimizing the electromagnetic wave power absorption (SAR) and enhance antenna performance, (c) 
PIFA exhibits moderate to high gain in both vertical and horizontal states of polarization, which is 
very useful in certain wireless communications when antenna is not fixed in certain orientations and 
the reflections are present from the different corners of the environment. Due to the above features 
of PIFA, in this dissertation, most of our proposed antennas are based on the PIFA structure. 
    Since our proposed antennas are applied for body-centric wireless communications, in this dis-
sertation, all the parameters such as reflection coefficients, radiation patterns, received voltage and 
electric-field distribution are discussed by human phantoms with two-thirds muscle-equivalent elec-
tric properties for simulation and experiment.  
    The operation frequency bands are from tens of MHz to GHz bands for various applications in 
body-centric wireless communications. The frequency bands allocated for the IEEE 802.15.6 are 
summarized in Table 1. The physical channels are classified into three types in accordance with the 
operating frequency, namely, narrow band (NB), ultra-wide band (UWB) and human body commu-
nications (HBC). For example, tens of MHz are widely used in Japan for on-body communications. 
Moreover, the ultra high frequency (UHF) bands such as 402-405 MHz (MICS band), 950-958 MHz 
(ISM band), 2.4-2.4835 GHz (Worldwide ISM band), and ultra-wide band (UWB band, 3.1-10.6 
GHz) have also become trends of frequency for body-centric wireless communications. As follow, 
the propagation properties of EM waves at different frequency bands will be described. Figure 2 
shows the simulated electric field distributions around the human body at different operation fre-
quencies. From the results, the lower frequencies (tens of MHz) signal propagate along the human 
body while the higher frequencies (hundreds of MHz) radiate outside the human body. Therefore, we 
will introduce some novel antenna design for various applications in body-centric wireless commu-
nications by using these two features. 
  
Table 1: Frequency bands allocated for IEEE 802.15.6. 
PHY NB-PHY UWB-PHY HBC-PHY 
Frequency 
402~405 MHz Implanted device 
3.1~10.6 GHz 
 
 
21 MHz  
(BW:5.25 MHz) 
 
 
32 MHz  
(BW: 8 MHz) 
420~450 MHz Medical telemeter 
863~870 MHz 
ISM band 
 (Europe) 
902~928 MHz 
ISM band 
 (USA) 
2.36~2.40 GHz 
Medical device 
(USA) 
2.4 GHz 
ISM band  
(All the world) 
Distance 2~10 m 
Modulation BPSK, QPSK, GMSK 
Speed 1~10 Mbps 
 
 
 
 
 
Figure 2: Electric field distributions at 3 MHz, 30 MHz, 300 MHz and 3 GHz. 
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    In Chapter 2, our first antenna design is a compact planar inverted-F antenna operated in ISM 
band (2.45 GHz), as shown in Figure 3. Its characteristics such as reflection coefficients, radiation 
patterns, impedance and radiation efficiency have been analyzed by simulation and measurement in 
this chapter. In this antenna design, we used a shorting pin and a shorting plate to improve the 
matching condition. Moreover, by increasing and folding the length of ground plane, the desired re-
sonant frequency (2.45 GHz) is achieved with a good matching condition. In order to confirm the 
effects of the phantom structure, three kinds of arm phantom: six-side, column, and 3-layer phantom 
with skin, fat and muscle are investigated. From the simulated reflection coefficients and radiation 
patterns, the characteristics of proposed antenna on the three phantoms are almost the same. Due to 
easy fabrication, we adopted the simple six-side phantom in our study. Because of the effects on the 
human body, the propagation channels of body-centric wireless communications have some distinc-
tive characteristics compared to the conventional wireless channels. Therefore, for antenna designed 
applied in body-centric wireless communications, the study about the path loss is also discussed in 
this chapter. In addition, the link budgets for wireless communications are discussed in this chapter. 
In our system, we assumed the required distance between the wearable antenna and a external device 
is 5 m in the sick room in hospital. From the calculated results, the communication link confirmed 
the wireless communication of the proposed antenna is available since the margin exceeds 20 dB.  
 
 
 
Figure 3: Structure of proposed antenna. 
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    In Chapter 4, we proposed a novel compact dual-mode wearable antenna for BCWCs in medi-
cal care system. As we know, BCWCs have become a very active area of research because of nu-
merous applications, such as personal healthcare, smart home, personal entertainment, and identifi-
cation systems. In particular, personal healthcare is considered as the biggest potential application of 
BCWCs. For example, in health monitoring systems, at least two important scenarios are required: 
on-body communications (collecting body signal data) and off-body communications (exchanging 
data with external equipment). For on-body communications, relatively low frequency bands (tens of 
MHz) are more suitable, while for off-body communications, ISM band (2.40-2.48 GHz) is a good 
candidate. Figure 5 shows the proposed health monitoring system. The transmitters (sensors) and 
data collector (dual-mode antenna) are mounted on the human body. The body signal information 
can be transmitted to the data controller by sensors at low frequency (HF band, 10 MHz). The data 
controller also sends the information to an external device by ISM band at 2.45 GHz. Through this 
design, health monitoring systems for telemedicine systems can be achieved. Thus, the mul-
ti-functional small antenna is the key component for the health monitoring system. The proposed 
dual-mode antenna for this monitoring system is presented in Figure 6. It consists of a signal elec-
trode and an L-shaped slit embedded in the ground plane. The signal electrode works for the 
on-body mode and an L-shaped slit with 2 mm in width is embedded in the ground plane operates 
for the off-body mode. In the on-body mode, we discussed the received voltage and the electric-field 
distribution in HF band (10 MHz) on a chest phantom and whole human models. In the off-body 
mode, we discussed the reflection coefficients and radiation patterns in ISM band (2.45 GHz). 
 
  
Figure 5: Example of the future medical applications     Figure 6. Structure of dual-mode antenna. 
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     In Chapter 5, we proposed a novel switchable antenna, as shown in Figure 7. This antenna 
includes a ground plane, a radiator, a feeding pin and a switching circuit board, which mainly in-
cludes a pin diode and replaces the conventional shorting plate. In the lower frequency band, the 
characteristic of the proposed antenna is equivalent to an electrode operating at 10 MHz while the 
pin diode located on the circuit board is in off state. In the higher frequency band (ISM band, 2.45 
GHz), the antenna operates as a planar inverted-F antenna while the pin diode is in on state. In 
Chapter 4, the proposed dual-mode antenna can be operated on-body mode and off-body mode at the 
same time. Therefore, it is suitable to be used in some emergency situations. However, there may be 
some drawbacks of the dual-mode antenna. For example, (a) when the two modes work at the same 
time, interference may be caused by leakages from the off-body mode; (b) the gain of the dual-mode 
antenna is not high since it is operated by the slit structure; (c) since the two modes work at the same 
time, more power is being consumed. In order to overcome the above issues, we utilized the PIFA 
structure to design a switchable antenna. Since the proposed antenna can be switched, it is suitable to 
be used in home care system, as shown in Figure 8. For example, body signals such as heartbeat, 
blood pressure and body temperature can be detected and recorded in the on-body mode for one or 
two hours and then the signals could be transmitted to a external equipment in the off-body mode. In 
this antenna, we designed a simple switching circuit on the shorting plate. Therefore, the on-body 
mode (HF band, 10 MHz) and the off-body mode (ISM band, 2.45 GHz) can be switched. Compare 
with the dual-mode antenna in Chapter 4, the off-body mode of the switchable antenna is radiated by 
the PIFA structure, therefore, the antenna gain is improved.  
      
  
 
 
 
 
 
Figure 7: Concept of switchable antenna. 
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      In Chapter 6, we concluded the main body of the thesis and presented some future works for 
body-centric wireless communications. The main objective of this dissertation focuses on the design 
and characterization of the compact and multi-functional wearable antennas for on-body communi-
cations (10 MHz) and off-body communications (GHz bands) in body-centric wireless communica-
tions. However, the human body is often an uninviting environment for wireless signals due to the 
mutual interference between the human body and antennas. Therefore, as an interface between the 
transceiver and the propagation environment, antennas in these communication systems need to be 
carefully designed. 
 
 
